

















According to the economic theory (Abramovitz 1956, Solow 1956, Solow 1957, Romer 1990), 
innovativeness is one of the main factors of economic growth. At regional level, researchers 
found the same relationship – a level of innovativeness can explain the differences in the 
development of individual regions (Niedzielski and Jaźwiński 2002, Crescenzi 2005, Fagerberg 
and Godinho 2005, Cooke et al. 2011). The development of a knowledge-based economy is 
also one of the main goals of the European Union. “Innovation Union” was set out as one of the 
priorities of the Europe 2020 Strategy (European Commission 2010a). The need for smart 
growth at a regional level was also noticed, and the Smart Specialisation approach was 
introduced as part of the “Innovation Union” programme to promote innovations in EU regions 
(European Commission 2010b).  
 
The two main types of innovations are the products and the process innovations. They can be 
introduced in various ways: e.g. internal R&D, external R&D, acquisition of machinery, software 
and equipment, acquisition of patents and licencing (OECD and Eurostat 2018). Internal R&D 
activity is seen as an important factor in the catching-up process (Segerstrom 1991, Davidson 
and Segerstrom 1998, Griffith et al. 2004). Although, there is some evidence at national level 
that in-house activity occurs more often in more developed countries, and the acquisition of 
machinery, equipment, and knowledge is more often considered as a way to innovate in 
catching-up countries (Nölke and Vliegenthart 2009, Veugelers and Mrak 2009, Radosevic and 
Kaderabkova 2011, Geodecki 2014, Grodzicki and Geodecki 2016, Lopez-Rodriguez and 
Martinez 2017).  
 
However, most of the research on the determinants of regional innovativeness (Pangsy-Kania 
2007, Crescenzi and Rodríguez-Pose 2011, Czupich 2012, Paas and Triin 2012, Naz et al. 
2015, Dzemydaitė et al. 2016, Krakowiak-Bal and Ziemiańczyk 2017, Dziallas and Blind 2019) 
only measures innovation using indicators related to the R&D activity such as R&D 
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Abstract: Innovations are seen as an important factor of regional growth, but what 
influences the innovation activity of enterprises? In the regional innovation system, the set 
of actors interacting with each other is surrounded with a specific socio-economic 
environment. In the present research, the following economic and social features in a 
region – human capital, social capital, the level of economic development, and the 
existence of FDI – are analysed as possible factors of the innovation activity undertaken by 
enterprises. Two types of innovation activity are analysed: in-house R&D and the 
acquisition of machinery, software and equipment. The analysis was conducted for the 
years: 2004-2006, 2006-2008, 2008-2010, 2010-2012, 2012-2014, and the 16 Polish 
NUTS-2 regions. Based on the results of econometric panel models, innovation 
cooperation was found to be significant and positively related with both types of innovation 
activity. Moreover, public financial support and the level of foreign capital involvement were 
found positively related with the in-house R&D activity. 
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expenditure, R&D personnel or the number of patent applications. Martin (2013) underlined this 
omission as a challenge faced by studies on innovations. Similarly, Pino and Ortega (2018) 
stressed out the lack of appropriate measures of RIS in previous research. The present 
research tries to fill this gap and to analyse both the main ways of introducing innovations – 
internal R&D, and the acquisition of machinery, software and equipment. It is assumed that 
both these types need different preconditions and the existence of different socio-economic 
features within regions. The main aim of the research is to identify the regional factors of both 
types of innovation activity to support the understanding of how the regional environment 
influences the various ways of implementing innovation within regions. 
 
The paper is structured as follows. Section 2 introduces a theoretical framework. The data 
employed and methodology are explained in Section 3. Section 4 presents the results which 




The theoretical base to the conducted research is the concept of regional innovation systems 
(RIS). The regional innovation system concept is an analytical model of innovation activity in 
regions (Braczyk et al. 1998). Despite much research on RISs (Wiig and Wood 1995, Asheim 
and Isaksen 1997, Cooke et al. 1997, Autio 1998, Howells 1999, Doloreux 2002, Evangelista et 
al. 2002, Doloreux and Parto 2005, Iammarino 2005, Świadek 2011, Todtling and Trippl 2011, 
Weresa 2013), there is a lack of a common definition. In most cases, an RIS is understood as a 
set of interacting private and public units, formal institutions and other organisations focused on 
the generation, use and diffusion of knowledge (Doloreux and Parto 2004), or in a broader 
sense focused on the production, import, modification, and diffusion of new technologies 
(Evangelista et al. 2002). At the base of this concept lies an assumption that innovation activity 
is a non-linear and strongly interactive process, and that innovative firms do not operate in 
isolation. The concept underlines the importance of communication and cooperation between 
different actors such as enterprises, universities, educational units, financial units, firms, 
associations, and governmental agencies. Innovative processes are geographically localised, 
and territorial features, among others, are reflected in the technological systems, production 
processes, manufacturing organisation, social and political surroundings. Also, some of the 
factors of innovation, such as tacit knowledge or institutions, are immobile to some extent 
(Cooke and Morgan 1998, Nauwelaers 2011, Todtling and Trippl 2011). Moreover, Doloreux 
and Gomez (2017) underlined the evolutionary and dynamic nature of RIS. 
 
Previous research on RISs, in most cases, is based on case studies (Wiig and Wood 1995, 
Asheim and Isaksen 1997, Acs et al. 1998, Smith et al. 1998, Asheim and Isaksen 2002, 
Gerstlberger 2004, Iammarino 2005, Innovating Regions in Europe 2008, Florio et al. 2014, 
Ligenzowska 2016). Qualitative research was based, among others, on the IAIF-RIS database 
(Buesa et al. 2007), the Eurostat database (Hájková and Hájek 2010), on surveys (Świadek 
2011), and on R&D and patent statistics (Weresa 2012). The Community Innovation Survey 
(CIS) at regional level was successfully used by Evangelista et al. (2002), among others, but 
that research rarely referred to the Polish regions. In the present analysis, the RISs of Polish 
regions are pictured in a quantitative way by using detailed data from the Community 
Innovation Survey (CIS).  
 
In the present research, the following dimensions of RISs are measured: innovation activity of 
enterprises, involvement of the public sector in R&D, human capital, social capital (namely 
social trust and the social tendency to network), and the innovation cooperation of enterprises 
with any public or private partner. Human capital is defined after Becker et al. (1990: 15) as 
‘embodied knowledge and skills’, while social capital is understood as social trust, norms of 








Regions differ significantly according to the quantity and quality of the factors of innovations, 
such as: the quality of institutions, the relations between innovative entities, intangible assets 
(such as human capital, social capital), and cultural aspects (Council on Competitiveness 2005, 
Kosała and Wach 2011, Nowakowska 2011, Markowska 2012, Camagni and Capello 2013, 
Crescenzi and Rodriguez-Pose 2013, Park 2015). It is assumed that the differences in the 
following economic and social features in a region –   human capital, social capital, level of 
economic development, and the existence of FDI – can influence the type of innovation activity 
undertaken by the enterprises. Four hypotheses are tested in the research. H1: A higher level 
of human capital in a region is positively related to the engagement of innovative enterprises in 
in-house R&D. Human capital was found to be an important factor in innovations in a region in 
previous research (Broekel and Brenner 2011, Bellmann et al. 2013, Naz et al. 2015). H2: A 
higher level of innovative cooperation is positively related to the  engagement of innovative 
enterprises in in-house R&D. Networks of cooperation are seen as an important element of the 
regional innovation environment (Tura and Harmaakorpi 2010), and a crucial part of the 
innovation system, where various actors interact with each other (Cooke et al. 1997, Autio 
1998, Howells 1999, Doloreux 2002, Doloreux and Parto 2005). H3: A higher level of FDI in a 
region is positively related to the engagement of innovative enterprises in the acquisition of 
machinery and equipment. Fu (2008) suggested that the role of FDI in the development of 
innovations can be of a twofold nature, and it depends on the type of investment. On the one 
hand, for low-cost production and export-oriented investments, FDI would support the 
acquisition of already developed technologies and licencing. On the other hand, for R&D 
investments, FDI would support internal R&D in the region of the investment, but then a high 
level of regional human capital is a precondition. In the case of Poland and the manufacturing 
sector, the former was found to be predominant (Grodzicki and Geodecki 2016). H4: A higher 
level of public financial support in a region is positively related to the engagement of innovative 
enterprises in in-house R&D. Mazzucato (2013) underlined the role of public financing in 




The analysis was conducted for the years: 2004-2006, 2006-2008, 2008-2010, 2010-2012, 
2012-2014 (the years of the analysis are based on the availability of social diagnosis and the 
Community Innovation Survey data), and for the 16 Polish NUTS-2 regions: Łódzkie (PL11), 
Mazowieckie (PL12), Małopolskie (PL21), Śląskie (PL22), Lubelskie (PL31), Podkarpackie 
(PL32), Świętokrzyskie (PL33), Podlaskie (PL34), Wielkopolskie (PL41), Zachodniopomorskie 
(PL42), Lubuskie (PL43), Dolnośląskie (PL51), Opolskie (PL52), Kujawsko-Pomorskie (PL61), 
Warmińsko-Mazurskie (PL62), Pomorskie (PL63). To identify clusters of regions with a similar 
level of indicators for the features of a regional innovation system (Table 1), hierarchical 
clustering methods (namely, the Ward’s method) were applied2). Calculations were done in the 
R environment with the stats package (R Core Team 2018). 
 
To examine the relationship between the various elements of the socio-economic environment 
(human capital, social capital, public sector financial support, FDI) and the engagement of 
innovative enterprises in an innovation activity, the estimation of the econometric panel models 
for the selected variables was performed. Calculations were done in the R environment (R 
Core Team 2018) using the plm package (Croissant and Millo 2008). The panel was built for 16 
Polish NUTS-2 regions over five sets of years (2004-2006, 2006-2008, 2008-2010, 2010-2012, 
2012-2014). The model (pooled) is based on the classical OLS regression estimated using an à 
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la Newey and West estimator (NW) (Millo 2017).  
Individual effects were tested with the Breusch-Pagan test (Breusch and Pagan 1980). 
Random effects were tested with the Baltagi & Li AR-RE test (Baltagi and Li 1991, Baltagi and 
Li 1995). In case of individual effects, the fixed effect and random effect estimators should be 
tested (Baltagi 2005). The data used in the models are presented in Table 2. 
Public R&D based regions are mostly in Eastern Poland such as Podlaskie, Lubelskie and 
Świętokrzyskie; they are also part of a group of underdeveloped regions in Poland in terms of 
GDP (below 20% of the EU average in 2004, and below 30% in 2013). Diversified innovation 
activity regions – Małopolskie, Śląskie, Dolnośląskie, Pomorskie, and Mazowieckie – are 
regions with a high FDI share (from 5 [Małopolskie] to 19 [Mazowieckie] enterprises with 
foreign capital per 10,000 inhabitants in 2013) and a high level of new enterprise creation 





Indicator Basic data name/label Source 
[indicator code] 
Human capital K1* % of graduates (ISCED 1997 level 5) in physics, 
chemistry, biology, mathematics and computing, 
informatics, environmental protection, engineer-
ing, manufacturing and processing, architecture 
and construction, as a percentage of graduates 
of public and private higher education units in all 
fields 
Central Statistical 
Office of Poland 
(GUS) 




Social capital N1 Percentage of respondents who are members of 
one or more associations 
Social 
Diagnosis (2016) 
Cooperation C1 Percentage of innovative enterprises 
(manufacturing sector) engaged in any type of 
cooperation 
GUS 
C2 Percentage of PCT co-patent applications made 





IA1 Average rate of innovative enterprises in the 
total number of enterprises 
GUS 
IA2 Expenditure of innovative enterprises on R&D as 
percentage of the total innovative activity ex-
penditure 
GUS 
IA3 Expenditure of innovative enterprises on the 
acquisition of machinery, software and equip-





RD1 Public sector (government + higher education) 




RD2 R&D personnel and researchers in the public 
(government + higher education) R&D sector as  




RD3 Patent applications to the EPO by priority year 




Indicators used as quantitative measures of RIS components 
*All indicators were normalised using the min-max normalisation method:      





regions). Podkarpackie is an example of a private R&D based region, and what is interesting is 
that data shows a low level of human capital, but a very high level of innovation cooperation. It 
can be assumed that capital and cooperation in the Podkarpackie region are high and they can 
support the innovation activity. 
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Variable Description Data 
source 
Years covered 
Dependent variable   
 
Innovative enterprises engaged in internal 









Innovative enterprises engaged in the 
acquisition of machinery and equipment 
(% of total innovative enterprises) 
Independent variables (explanatory variables)   
 
Scientists and engineers as percentage of 
the active population 
Eurostat 2005, 2007, 2009, 
2011, 2013 
 
Percentage of innovative enterprises 
(manufacturing sector) engaged in any 
type of cooperation 
GUS 
 




Innovative enterprises supported by the 








Table 2  
Description of the variables used in the models for the innovation activity 
*Data calculated by GUS based on CIS data 
Notion: All variables are expressed in natural logarithms; variable subscriptions relate to the ith region in tth 
period. 
 Source: own elaboration 











Fig. 1 – Regional innovation systems in Polish regions 







Based on the clustering results, four types of RISs in Polish regions can be identified: (1) public 
R&D based regions; (2) imitative regions, (3) private R&D based regions, (4) diversified 
innovation activity regions (Fig. 1, Table 3).  
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Group Group characteristic Group Group characteristic 




• Low or very low level of 
human capital 
• High or moderate level of 
social capital 
• Low or very low level of 
business sector R&D ex-
penditure 
• High or very high level of 
governmental R&D ex-
penditure 
• High or very high level of 
public sector R&D person-
nel 
II –  
imitative 
regions 
• Low or very low level of human 
capital 
• Low or very low level of innova-
tion cooperation 
• High or very high level of patent-
ing cooperation 
• Low or very low rate of innovative 
enterprises 
• Low or moderate level of business 
sector R&D expenditure 
• High or very high level of busi-
ness sector expenditure for the 
acquisition of machinery, software 
and equipment 
• High or very high level of public 





• Low or very low level of 
human capital 
• High or very high level of 
social capital 
• High or very high level of 
innovation cooperation 
• High or very high rate of 
innovation enterprises 
• High or very high level of 
business sector R&D ex-
penditure 
• Low or very low level of 
business sector expenditure 
for the acquisition of ma-
chinery, software and 
equipment 
• Low or very low level of 
governmental R&D ex-
penditure 
• Very low level of public 
sector R&D personnel 







• High or very high level of human 
capital 
• High or moderate level of social 
capital 
• High or very high level of patent-
ing cooperation 
• High or moderate rate of innova-
tion enterprises 
• Very high, high or moderate level 
of business sector R&D expendi-
ture 
• Low or moderate level of business 
sector expenditure for the acquisi-
tion of machinery, software and 
equipment 
• High or moderate level of public 
sector R&D personnel 
• Very high, high or moderate level 




Regions which are not characterised by any specific pattern in a given year. In the re-
maining years they are grouped within one of the four identified groups. 
Table 3  
Types of regional innovation systems 





Public R&D based regions are mostly in Eastern Poland such as Podlaskie, Lubelskie and 
Świętokrzyskie; they are also part of a group of underdeveloped regions in Poland in terms of 
GDP (below 20% of the EU average in 2004, and below 30% in 2013). Diversified innovation 
activity regions – Małopolskie, Śląskie, Dolnośląskie, Pomorskie, and Mazowieckie – are 
regions with a high FDI share (from 5 [Małopolskie] to 19 [Mazowieckie] enterprises with 
foreign capital per 10,000 inhabitants in 2013) and a high level of new enterprise creation 
(almost 45% of all new enterprises created every year in Poland are established in those 
regions). Podkarpackie is an example of a private R&D based region, and what is interesting is 
that data shows a low level of human capital, but a very high level of innovation cooperation. It 
can be assumed that capital and cooperation in the Podkarpackie region are high and they can 
support the innovation activity. 
 
In the case of both models for innovation activity, the results of the Breusch-Pagan test (p > 
0.05) do not allow the rejection of the hypothesis about a lack of individual effect. Likewise, the 
results of the Baltagi & Li AR-RE test (p > 0.05) do not allow the rejection of the hypothesis 
about a lack of random effects. Therefore, the results of the OLS models can be interpreted as 
reliable (Table 4). 
 
In the model for in-house R&D activity ( innovation cooperation, public financing and the 
level of foreign capital in the region were found to be significant. Hypothesis 1 cannot 
be rejected because of the insignificance of variable K1 for human capital. Hypotheses 2 and 4 
can be confirmed, as the higher level of innovation cooperation and public financing were 
found to be positively related with the engagement of innovative enterprises in the in-house 
R&D. In the model for the acquisition of machinery and equipment (  only innovation 
cooperation was found to be significant. Hypothesis 3 cannot be rejected because of the 
insignificance of the variable FCapital. Although, the level of foreign capital engagement in the 
region (enterprises with foreign capital) was found to be positively related to the in-house R&D 
activity. 
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Model 
  
intercept 2.9394 (0.0000) *** 4.3135 (0.0000) *** 
 
-0.0288 (0.7383) -0.0322 (0.4578) 
 
0.0721 (0.0018) ** 0.0488 (0.0007) *** 
 
0.063 (0.0388) * -0.0218 (0.1663) 
 
0.1916 (0.0001) *** -0.009 (0.730) 
model's parameters Balanced Panel: n = 16, T = 5, N = 80 
    
R-Squared 0.26864 0.22799 
Adj. R-Squared 0.22963 0.18681 
F-statistic p-value: 0.0244 p-value: 0.0362 
Table 4  
Determinants of the two types of innovation activity 
                       Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.10 





For both types of innovation activity, the innovation cooperation was shown to be positively 
related. In the Polish regions, for the period 2004-2006, on average 56% of innovative 
enterprises introduced an innovation developed by themselves, while in the years 2012-2014 it 
was 50%. Nevertheless, an increase in the engagement of Polish enterprises in the 
development of innovation in cooperation is visible in the analysed period. In 2004-2006, only 
7% (the average for the 16 NUTS-2 regions) of innovative enterprises introduced innovations 
developed in cooperation with Polish entities, and in the years 2012-2014 it was 12%. In the 
case of the introduction of innovations developed in an international cooperation, it was 2% in 
2004-2006 and 4% in 2012-2014, on average.  
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Fig. 2 – Breakdown of types of co-operators in innovation cooperation  
with Polish and UE, EFTA, UE-CC entities (average for the years 2004-2014) 
Notion: the CIS question about the type of cooperation is a multiple choice question,  
and the answers do not add up to 100% 
 Source: own elaboration based on GUS (CIS) data. (Data from CIS were delivered by the Polish 
National Statistical Office (GUS) in the form of aggregated data at  NUTS-2 level. The acquisition of data 






Innovation cooperation can include various types of co-operators: other enterprises from the 
same group, suppliers, clients, competitors, but also private and public research units and 
higher education units. The main type of co-operators in the case of national cooperation are 
the suppliers (16-25%), customers (10-18%) and universities (7-17%). Cooperation with 
international research units and universities is below 3%. In the case of some regions, the 
more important partner in international rather than national cooperation are other enterprises 
within the enterprise group (Fig. 2). 
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Fig. 3 – Percentage of innovative enterprises supported with external public funding  
(local, national, EU), in the years 2004-2014 





Public financial support is not limited to national government funding (the variable used in the 
model) but it includes regional governments’ funding and EU funding. Regional and local 
governments supported, on average, from 3% to 8% of innovative enterprises in the years 
2004-2014. National government supported from 5.5% to 12% on average. The highest level of 
financial support received by innovative enterprises in Polish regions was from 16% in the 




Innovation cooperation was found to be significant and positively related with both types of 
innovation activity. This can be interpreted as confirmation of the high importance of 
cooperation and interaction among the various actors in the RIS concept (Cooke and Morgan 
1998, Nauwelaers 2011, Tödtling and Trippl 2011). However, Broekel et al. (2015) warned that 
inter-regional and non-regional linkages should be balanced, and policy efforts should support 
both directions of cooperation. Moreover, Świadek et al. (2019) found an interesting relation 
between the level of technology and the innovation cooperation in the Polish industry. Low 
technology industries were less involved in innovation cooperation than high-tech ones. 
Although, low-tech companies cooperate more with suppliers, and high-tech ones more with 
competitors. Fritsch (2003) discussed that the tendency to cooperate is more a firm-level 
phenomenon and companies which start any type of cooperation tend to cooperate more with 
various types of actors. Nevertheless, Iammarino et al. (2012) find out that vertical cooperation 
(eg. with suppliers, research units, clients) is more significant for increasing the innovativeness 
of the firms in contrast to horizontal cooperation (eg. with consultant or competitors).  
As it was expected, public financial support was also found to be positively related with the in-
house R&D activity. However, data shows that EU funding is the predominant form of public 
financial support. Lewandowska et al. (2019) reported that Polish enterprises were very active 
in utilising EU funds and other EU economic policy instruments, but there are not so many 
Polish national government financial instruments available. Although, as Mazzucato and 
Semieniuk (2017) stressed out, there is a need for “mission-oriented policies”, and the 
development of public financing instruments as part of innovation systems. Public funding is 
also seen as an instrument complementing private efforts (Spielkamp and Rammer 2009, Kijek 
et al. 2016) and an important factor reducing the exit from the market by innovative firms 
(Ebersberger 2011). However, there is evidence (Novosák et al. 2017) that public support, 
especially Structural Funds, are more effective in already developed regions.  
 
Interestingly, the level of foreign capital engagement in the region (enterprises with foreign 
capital) was found to be positively related with the in-house R&D activity, which is contradicted 
with research at the national level, where Polish enterprises are seen more as buyers of 
already developed technology (Grodzicki and Geodecki 2016, Grodzicki 2018). On the other 
hand, the positive effect of foreign capital on the in-house R&D activity is in line with Fu’s 
(2008) suggestions that FDI can support both types of innovation activity. It can be assumed 
that enterprises in the Polish regions are able to use foreign investments as a way to support 
their own R&D activities. Surprisingly, human capital was found to be insignificant in the model 
for in-house R&D activity, although this can be due to the indicators used. Human capital can 
be captured by various indicators (% of population with higher education, % of graduates in 
specific fields of studies, % of population taking part in life-long-learning), and, in the present 




In the research, the regional factors of two types of innovation activity – in-house R&D and the 
acquisition of machinery and software – were analysed. Special attention was paid to the role 







that innovation cooperation, public financial support and the level of foreign capital involvement 
in the region are positively related with in-house R&D activity. However, in 2012-2014, only 
12% of innovative enterprises developed innovations in cooperation with national partners, and 
2% with international partners. Innovative companies in Polish regions cooperate mostly with 
national and international suppliers, and with Polish research institutes and universities. 
Likewise, customers and clients are important partners for innovation cooperation. National 
financial support was found to be positively related with in-house R&D activity, nevertheless, 
national public funding was received by up to 19% of innovative enterprises in the years 2012-
2014, while EU funds supported up to 46% in the same period. It can be assumed that the EU 
offers funding which is more adjusted to the needs of innovative enterprises.  
 
The following policy implications can be drawn based on the obtained results. As innovation 
cooperation was found to be positively related with both types of innovation activity, it can be 
seen as important factor of introducing innovations, no matter if an innovation is developed 
based on the in-house R&D activity or based on the acquisition of already existing technology. 
Therefore, any public incentives for cooperation can play a supportive role for innovative firms 
to introduce innovations. What can be more relevant is the significance of public financial 
support, which was found positively related to the in-house R&D activity. Based on the findings 
from growth literature, signalled in the introduction, it can be suggested that by supporting the 
R&D activity of companies we indirectly support the economic growth in the region. Therefore, 
public financial instruments for innovative companies should be mainly aimed at supporting the 
R&D activity, instead of the acquisition of machinery and software (which is more often 




The present research is a part of the project “Socio-economic environment in a region and 
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